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Table 1-1. MachXO2™ Family Selection Guide

(23 mm x 23 mm, 1.0 mm)

X02-256 | X02-640 | XO2:640U' | XO2-1200 | X02-1200U' | X02-2000 | XO2-2000U' | XO2-4000 | XO2-7000
LUTs 256 640 640 1280 1280 2112 2112 4320 6864
Distributed RAM (kbits) 2 5 5 10 10 16 16 34 54
EBR SRAM (kbits) 0 18 64 64 74 74 92 92 240
Number of EBR SRAM Blocks (9
Kbits/block) 0 2 7 7 8 8 10 10 26
UFM (kbits) 0 24 64 64 80 80 96 96 256
Device Options: HC? Yes Yes Yes Yes Yes Yes Yes Yes Yes
HE® Yes Yes Yes Yes
ZE* Yes Yes Yes Yes Yes Yes
Number of PLLs 0 0 2 2 2
Hardened 12C 2 2 2 2 2 2
Functions: SPI ] ]
Timer/Coun-
ter 1 1 1 1 1 1 1 1 1
Packages 10
25-ball WLCSP?® 18
(2.5 mm x 2.5 mm, 0.4 mm)
32 QFN¢
(5 mm x5 mm, 0.5 mm) 21 21
48 QFN®°
(7 mm x 7 mm, 0.5 mm) 40 40
49-ball WLCSP?® 38
(8.2 mm x 3.2 mm, 0.4 mm)
64-ball ucBGA 44
(4 mm x 4 mm, 0.4 mm)
84 QFN’ 68
(7 mm x 7 mm, 0.5 mm)
100-pin TQFP
(14 mm x 14 mm) 55 i i 79
132-ball csBGA
(8 mm x 8 mm, 0.5 mm) 55 79 104 104 104
144-pin TQFP
(20 mm x 20 mm) 107 107 111 114 114
184-ball csBGA” 150
(8 Mmm x 8 mm, 0.5 mm)
256-ball caBGA
(14 mm x 14 mm, 0.8 mm) 206 206 206
256-ball ftBGA
(17 mm x 17 mm, 1.0 mm) 206 206 206 206
332-ball caBGA
(17 mm x 17 mm, 0.8 mm) 2 .
484-ball ftBGA 278 578 334

—_

. Ultra high 1/O device.

©CONOUAW®N

. High performance with regulator - VCC =25V, 3.3V
. High performance without regulator - Voo =1.2V

. Low power without regulator - Voo =12V
WLCSP package only available for ZE devices.

32 QFN package only available for HC and ZE devices.
. 184 csBGA package only available for HE devices.

. 48-pin QFN information is ‘Advanced’.
. 48 QFN package only available for HC devices.

1-2




[ 1] Introduction
= LATTICE MachXO2 Family Data Sheet

Introduction

The MachXO2 family of ultra low power, instant-on, non-volatile PLDs has six devices with densities ranging from
256 to 6864 Look-Up Tables (LUTs). In addition to LUT-based, low-cost programmable logic these devices feature
Embedded Block RAM (EBR), Distributed RAM, User Flash Memory (UFM), Phase Locked Loops (PLLs), pre-
engineered source synchronous I/O support, advanced configuration support including dual-boot capability and
hardened versions of commonly used functions such as SPI controller, I°C controller and timer/counter. These fea-
tures allow these devices to be used in low cost, high volume consumer and system applications.

The MachXO2 devices are designed on a 65 nm non-volatile low power process. The device architecture has sev-
eral features such as programmable low swing differential I/Os and the ability to turn off I/O banks, on-chip PLLs
and oscillators dynamically. These features help manage static and dynamic power consumption resulting in low
static power for all members of the family.

The MachXO2 devices are available in two versions — ultra low power (ZE) and high performance (HC and HE)
devices. The ultra low power devices are offered in three speed grades —1, —2 and —3, with —3 being the fastest.
Similarly, the high-performance devices are offered in three speed grades: —4, -5 and —6, with —6 being the fastest.
HC devices have an internal linear voltage regulator which supports external V¢ supply voltages of 3.3V or 2.5 V.
ZE and HE devices only accept 1.2 V as the external V¢ supply voltage. With the exception of power supply volt-
age all three types of devices (ZE, HC and HE) are functionally compatible and pin compatible with each other.

The MachXO2 PLDs are available in a broad range of advanced halogen-free packages ranging from the space
saving 2.5 mm x 2.5 mm WLCSP to the 23 mm x 23 mm fpBGA. MachXO2 devices support density migration
within the same package. Table 1-1 shows the LUT densities, package and I/O options, along with other key
parameters.

The pre-engineered source synchronous logic implemented in the MachXO2 device family supports a broad range
of interface standards, including LPDDR, DDR, DDR2 and 7:1 gearing for display 1/Os.

The MachXO2 devices offer enhanced 1/O features such as drive strength control, slew rate control, PCI compati-
bility, bus-keeper latches, pull-up resistors, pull-down resistors, open drain outputs and hot socketing. Pull-up, pull-
down and bus-keeper features are controllable on a “per-pin” basis.

A user-programmable internal oscillator is included in MachXO2 devices. The clock output from this oscillator may
be divided by the timer/counter for use as clock input in functions such as LED control, key-board scanner and sim-
ilar state machines.

The MachXO2 devices also provide flexible, reliable and secure configuration from on-chip Flash memory. These
devices can also configure themselves from external SPI Flash or be configured by an external master through the
JTAG test access port or through the I1°C port. Additionally, MachXO2 devices support dual-boot capability (using
external Flash memory) and remote field upgrade (TransFR) capability.

Lattice provides a variety of design tools that allow complex designs to be efficiently implemented using the
MachXO2 family of devices. Popular logic synthesis tools provide synthesis library support for MachXO2. Lattice
design tools use the synthesis tool output along with the user-specified preferences and constraints to place and
route the design in the MachXO2 device. These tools extract the timing from the routing and back-annotate it into
the design for timing verification.

Lattice provides many pre-engineered IP (Intellectual Property) LatticeCORE™ modules, including a number of
reference designs licensed free of charge, optimized for the MachXO2 PLD family. By using these configurable soft
core IP cores as standardized blocks, users are free to concentrate on the unique aspects of their design, increas-
ing their productivity.
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Figure 2-4. Slice Diagram
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For Slices 0 and 1, memory control signals are generated from Slice 2 as follows:

+ WCKis CLK

+ WRE is from LSR

« DI[3:2] for Slice 1 and DI[1:0] for Slice 0 data from Slice 2
« WAD [A:D] is a 4-bit address from slice 2 LUT input

Table 2-2. Slice Signal Descriptions

Function Type Signal Names Description
Input Data signal A0, BO, CO, DO |Inputs to LUT4
Input Data signal A1, B1, C1, D1 |Inputs to LUT4
Input Multi-purpose MO/MH1 Multi-purpose input
Input Control signal CE Clock enable
Input Control signal LSR Local set/reset
Input Control signal CLK System clock
Input Inter-PFU signal FCIN Fast carry in’
Output Data signals FO, F1 LUT4 output register bypass signals
Output Data signals Qo, Q1 Register outputs
Output Data signals OFX0 Output of a LUT5 MUX
Output Data signals OFX1 Output of a LUT6, LUT7, LUT82 MUX depending on the slice
Output Inter-PFU signal FCO Fast carry out

—_

2. Requires two PFUs.

. See Figure 2-3 for connection details.
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Modes of Operation
Each slice has up to four potential modes of operation: Logic, Ripple, RAM and ROM.

Logic Mode

In this mode, the LUTs in each slice are configured as 4-input combinatorial lookup tables. A LUT4 can have 16
possible input combinations. Any four input logic functions can be generated by programming this lookup table.
Since there are two LUT4s per slice, a LUT5 can be constructed within one slice. Larger look-up tables such as
LUT6, LUT7 and LUT8 can be constructed by concatenating other slices. Note LUT8 requires more than four
slices.

Ripple Mode
Ripple mode supports the efficient implementation of small arithmetic functions. In Ripple mode, the following func-
tions can be implemented by each slice:

 Addition 2-bit

* Subtraction 2-bit

» Add/subtract 2-bit using dynamic control

* Up counter 2-bit

* Down counter 2-bit

» Up/down counter with asynchronous clear
e Up/down counter with preload (sync)

* Ripple mode multiplier building block

e Multiplier support

e Comparator functions of A and B inputs
— A greater-than-or-equal-to B
— A not-equal-to B
— A less-than-or-equal-to B

Ripple mode includes an optional configuration that performs arithmetic using fast carry chain methods. In this con-
figuration (also referred to as CCU2 mode) two additional signals, Carry Generate and Carry Propagate, are gener-
ated on a per-slice basis to allow fast arithmetic functions to be constructed by concatenating slices.

RAM Mode
In this mode, a 16x4-bit distributed single port RAM (SPR) can be constructed by using each LUT block in Slice 0
and Slice 1 as a 16x1-bit memory. Slice 2 is used to provide memory address and control signals.

MachXO2 devices support distributed memory initialization.

The Lattice design tools support the creation of a variety of different size memories. Where appropriate, the soft-
ware will construct these using distributed memory primitives that represent the capabilities of the PFU. Table 2-3
shows the number of slices required to implement different distributed RAM primitives. For more information about
using RAM in MachXO2 devices, please see TN1201, Memory Usage Guide for MachXO2 Devices.

Table 2-3. Number of Slices Required For Implementing Distributed RAM

SPR 16x4 PDPR 16x4
Number of slices 3 3
Note: SPR = Single Port RAM, PDPR = Pseudo Dual Port RAM
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Figure 2-5. Primary Clocks for MachXO2 Devices
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Primary clocks for MachX02-640U, MachX02-1200/U and larger devices.

Note: MachX02-640 and smaller devices do not have inputs from the Edge Clock Divider or PLL
and fewer routing inputs. These devices have 17:1 muxes instead of 27:1 muxes.

Eight secondary high fanout nets are generated from eight 8:1 muxes as shown in Figure 2-6. One of the eight
inputs to the secondary high fanout net input mux comes from dual function clock pins and the remaining seven
come from internal routing. The maximum frequency for the secondary clock network is shown in MachXO2 Exter-

nal Switching Characteristics table.
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Table 2-4. PLL Signal Descriptions (Continued)

Port Name /0 Description
CLKOP (0] Primary PLL output clock (with phase shift adjustment)
CLKOS (0] Secondary PLL output clock (with phase shift adjust)
CLKOS2 (0] Secondary PLL output clock2 (with phase shift adjust)
CLKOS3 (0] Secondary PLL output clock3 (with phase shift adjust)
LOCK o tF:LL LQCK, asynchronous signal. Active high indicates PLL is locked to input and feed-

ack signals.

DPHSRC o] Dynamic Phase source — ports or WISHBONE is active
STDBY | Standby signal to power down the PLL
RST I PLL reset without resetting the M-divider. Active high reset.
RESETM I PLL reset - includes resetting the M-divider. Active high reset.
RESETC I Reset for CLKOS2 output divider only. Active high reset.
RESETD I Reset for CLKOSS3 output divider only. Active high reset.
ENCLKOP I Enable PLL output CLKOP
ENCLKOS I Enable PLL output CLKOS when port is active
ENCLKOS2 I Enable PLL output CLKOS2 when port is active
ENCLKOS3 I Enable PLL output CLKOS3 when port is active
PLLCLK I PLL data bus clock input signal
PLLRST I PLL data bus reset. This resets only the data bus not any register values.
PLLSTB I PLL data bus strobe signal
PLLWE I PLL data bus write enable signal
PLLADDR [4:0] I PLL data bus address
PLLDATI [7:0] I PLL data bus data input
PLLDATO [7:0] (0] PLL data bus data output
PLLACK (0] PLL data bus acknowledge signal

sysMEM Embedded Block RAM Memory

The MachX02-640/U and larger devices contain sysMEM Embedded Block RAMs (EBRs). The EBR consists of a
9-kbit RAM, with dedicated input and output registers. This memory can be used for a wide variety of purposes

including data buffering, PROM for the soft processor and FIFO.

sysMEM Memory Block

The sysMEM block can implement single port, dual port, pseudo dual port, or FIFO memories. Each block can be

used in a variety of depths and widths as shown in Table 2-5.
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Figure 2-8. sysMEM Memory Primitives
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Table 2-6. EBR Signal Descriptions
Port Name Description Active State
CLK Clock Rising Clock Edge
CE Clock Enable Active High
OCE! Output Clock Enable Active High
RST Reset Active High
BE' Byte Enable Active High
WE Write Enable Active High
AD Address Bus —
DI Data In —
DO Data Out —
CS Chip Select Active High
AFF FIFO RAM Almost Full Flag —
FF FIFO RAM Full Flag —
AEF FIFO RAM Almost Empty Flag —
EF FIFO RAM Empty Flag —
RPRST FIFO RAM Read Pointer Reset —

1. Optional signals.

2. For dual port EBR primitives a trailing ‘A’ or ‘B’ in the signal name specifies the EBR port A or port B respectively.
3. For FIFO RAM mode primitive, a trailing ‘R’ or ‘W’ in the signal name specifies the FIFO read port or write port respec-

tively.

4. For FIFO RAM mode primitive FULLI has the same function as CSW(2) and EMPTYI has the same function as CSR(2).
5. In FIFO mode, CLKW is the write port clock, CSW is the write port chip select, CLKR is the read port clock, CSR is the
read port chip select, ORE is the output read enable.
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Figure 2-11. Group of Four Programmable I/O Cells

Core Logic/
Routing

1PIC

|
:

Input Register
Block

PIO A

=

Output
Register Block
& Tristate
Register Block

Pin

v
>

Input Register
Block

PIO B

—

Output
Register Block
& Tristate
Register Block

Pin

A 4
@

(— —

E Input Output
Gearbox Gearbox

—_ -

| |

J Input Register

Block

PIOC

Output
Register Block

& Tristate
Register Block

Pin

y
O

|
:

A Input Register

Block

PIO D

Output
Register Block
& Tristate
Register Block

A4

Dl_’ Pin

Notes:

1. Input gearbox is available only in PIC on the bottom edge of MachX02-640U, MachX02-1200/U and larger devices.
2. Output gearbox is available only in PIC on the top edge of MachX02-640U, MachX02-1200/U and larger devices.
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Figure 2-20. Embedded Function Block Interface
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Hardened IC IP Core

Every MachXO2 device contains two 1°C IP cores. These are the primary and secondary I°C IP cores. Either of the
two cores can be configured either as an I1°C master or as an I°C slave. The only difference between the two IP
cores is that the primary core has pre-assigned I/O pins whereas users can assign I/O pins for the secondary core.

I/Os for I2C
(Primary)

I/0s for 12C
(Secondary)

1/Os for SPI

~--- Indicates connection
%=~ through core logic/routing.

When the IP core is configured as a master it will be able to control other devices on the I°C bus through the inter-
face. When the core is configured as the slave, the device will be able to provide I/O expansion to an I2C Master.
The I°C cores support the following functionality:

Master and Slave operation

7-bit and 10-bit addressing
Multi-master arbitration support
Up to 400 kHz data transfer speed
General call support

Interface to custom logic through 8-bit WISHBONE interface
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Table 2-18. MachXO2 Power Saving Features Description

Device Subsystem Feature Description

The bandgap can be turned off in standby mode. When the Bandgap is turned off, ana-
Bandgap log circuitry such as the POR, PLLs, on-chip oscillator, and referenced and differential
I/O buffers are also turned off. Bandgap can only be turned off for 1.2 V devices.

The POR can be turned off in standby mode. This monitors VCC levels. In the event of
unsafe V¢ drops, this circuit reconfigures the device. When the POR circuitry is turned
off, limited power detector circuitry is still active. This option is only recommended for ap-
plications in which the power supply rails are reliable.

Power-On-Reset (POR)

The on-chip oscillator has two power saving features. It may be switched off if it is not

On-Chip Oscillator needed in your design. It can also be turned off in Standby mode.

Similar to the on-chip oscillator, the PLL also has two power saving features. It can be
statically switched off if it is not needed in a design. It can also be turned off in Standby
mode. The PLL will wait until all output clocks from the PLL are driven low before power-
ing off.

PLL

Referenced and differential I/O buffers (used to implement standards such as HSTL,
SSTL and LVDS) consume more than ratioed single-ended 1/Os such as LVCMOS and
LVTTL. The I/O bank controller allows the user to turn these 1/Os off dynamically on a
per bank selection.

1/0 Bank Controller

Dynamic Clock Enable for Primary

Clock Nets Each primary clock net can be dynamically disabled to save power.

Power Guard is a feature implemented in input buffers. This feature allows users to
switch off the input buffer when it is not needed. This feature can be used in both clock
and data paths. Its biggest impact is that in the standby mode it can be used to switch off
clock inputs that are distributed using general routing resources.

Power Guard

For more details on the standby mode refer to TN1198, Power Estimation and Management for MachXO2 Devices.

Power On Reset

MachXO2 devices have power-on reset circuitry to monitor Voont @nd Vego voltage levels during power-up and
operation. At power-up, the POR circuitry monitors Voo nt @nd Vegiog (controls configuration) voltage levels. It
then triggers download from the on-chip configuration Flash memory after reaching the Vpgryp level specified in
the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data sheet. For devices
without voltage regulators (ZE and HE devices), VoonT iS the same as the V¢ supply voltage. For devices with
voltage regulators (HC devices), VNt is regulated from the V¢ supply voltage. From this voltage reference, the
time taken for configuration and entry into user mode is specified as Flash Download Time (trerresH) in the DC
and Switching Characteristics section of this data sheet. Before and during configuration, the 1/Os are held in tri-
state. 1/Os are released to user functionality once the device has finished configuration. Note that for HC devices, a
separate POR circuit monitors external V¢ voltage in addition to the POR circuit that monitors the internal post-
regulated power supply voltage level.

Once the device enters into user mode, the POR circuitry can optionally continue to monitor Voont levels. If
Veeint drops below Vporpnea level (with the bandgap circuitry switched on) or below Vporpnsram level (with the
bandgap circuitry switched off to conserve power) device functionality cannot be guaranteed. In such a situation
the POR issues a reset and begins monitoring the Vooint @nd Vo voltage levels. Vporpneg @nd VporDNSRAM
are both specified in the Power-On-Reset Voltage table in the DC and Switching Characteristics section of this data
sheet.

Note that once a ZE or HE device enters user mode, users can switch off the bandgap to conserve power. When
the bandgap circuitry is switched off, the POR circuitry also shuts down. The device is designed such that a mini-
mal, low power POR circuit is still operational (this corresponds to the Vporpnsram reset point described in the
paragraph above). However this circuit is not as accurate as the one that operates when the bandgap is switched
on. The low power POR circuit emulates an SRAM cell and is biased to trip before the vast majority of SRAM cells
flip. If users are concerned about the V¢ supply dropping below V¢ (min) they should not shut down the bandgap
or POR circuit.
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LVPECL

The MachXO2 family supports the differential LVPECL standard through emulation. This output standard is emu-
lated using complementary LVCMOS outputs in conjunction with resistors across the driver outputs on all the
devices. The LVPECL input standard is supported by the LVDS differential input buffer. The scheme shown in Dif-
ferential LVPECL is one possible solution for point-to-point signals.

Figure 3-3. Differential LVPECL
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Table 3-3. LVPECL DC Conditions’

Over Recommended Operating Conditions

Symbol Description Nominal Units
Zout Output impedance 20 Ohms
Rs Driver series resistor 93 Ohms
Rp Driver parallel resistor 196 Ohms
Ry Receiver termination 100 Ohms
VoH Output high voltage 2.05 \
VoL Output low voltage 1.25 \
Vob Output differential voltage 0.80 \'%
Vem Output common mode voltage 1.65 \"
Zpack Back impedance 100.5 Ohms
Ipc DC output current 12.11 mA

1. For input buffer, see LVDS table.

For further information on LVPECL, BLVDS and other differential interfaces please see details of additional techni-
cal documentation at the end of the data sheet.
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Maximum syslO Buffer Performance

1/0 Standard Max. Speed Units
LvDS25 400 MHz
LVDS25E 150 MHz
RSDS25 150 MHz
RSDS25E 150 MHz
BLVDS25 150 MHz
BLVDS25E 150 MHz
MLVDS25 150 MHz
MLVDS25E 150 MHz
LVPECL33 150 MHz
LVPECLS33E 150 MHz
SSTL25_| 150 MHz
SSTL25_lI 150 MHz
SSTL25D_| 150 MHz
SSTL25D_lI 150 MHz
SSTL18_| 150 MHz
SSTL18_lI 150 MHz
SSTL18D_| 150 MHz
SSTL18D_lI 150 MHz
HSTL18_lI 150 MHz
HSTL18_lI 150 MHz
HSTL18D_| 150 MHz
HSTL18D_lI 150 MHz
PCI33 134 MHz
LVTTL33 150 MHz
LVTTL33D 150 MHz
LVCMOS33 150 MHz
LVCMOS33D 150 MHz
LVCMOS25 150 MHz
LVCMOS25D 150 MHz
LVCMOS25R33 150 MHz
LVCMOS18 150 MHz
LVCMOS18D 150 MHz
LVCMOS18R33 150 MHz
LVCMOS18R25 150 MHz
LVCMOS15 150 MHz
LVCMOS15D 150 MHz
LVCMOS15R33 150 MHz
LVCMOS15R25 150 MHz
LVCMOS12 91 MHz
LVCMOS12D 91 MHz
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MachXO02 External Switching Characteristics — HC/HE Devices’%%% %67

Over Recommended Operating Conditions

-6 -5 -4
Parameter Description Device Min. ‘ Max. | Min. | Max. | Min. | Max. | Units
Clocks
Primary Clocks
fuax pr® | roduency for Primary Glock | o Machx02 devices | — | 388 | — | 323 | — | 269 | MHz
tw PRI glock Pulse Width for Primary | o) Machxoz devices | 05 | — | 06 | — | 07 | — | ns
MachX02-256HC-HE — 912 — 939 — 975 ps
MachX02-640HC-HE — 844 — 871 — 908 ps
tskew e Primary Clock Skew Within a |MachX02-1200HC-HE| — 868 — 902 — 951 ps
- Device MachX02-2000HC-HE| — 867 — 897 — 941 ps
MachX02-4000HC-HE| — 865 — 892 — 931 ps
MachX02-7000HC-HE| — 902 — 942 — 989 ps
Edge Clock
fuax_£pae® |Frequency for Edge Clock I'\é'fg":rx 021200and | | 400 | — | 338 | — | 278 | MHz
Pin-LUT-Pin Propagation Delay
top ﬁfghgﬁsgnzrtﬁaﬁ’j“o” delay | MachXO2 devices | — | 672 | — | 696 | — | 724 | ns
General I/0 Pin Parameters (Using Primary Clock without PLL)
MachX02-256HC-HE — 713 — 7.30 — 7.57 ns
MachX02-640HC-HE — 715 — 7.30 — 7.57 ns
tco Clock to Output — PIO Output MachX02-1200HC-HE| — 7.44 — 7.64 — 7.94 ns
Register MachX02-2000HC-HE| — 7.46 — 7.66 — 7.96 ns
MachX02-4000HC-HE| — 7.51 — 7.71 — 8.01 ns
MachX02-7000HC-HE| — 7.54 — 7.75 — 8.06 ns
MachX02-256HC-HE | —0.06 — -0.06 — -0.06 — ns
MachX0O2-640HC-HE | —0.06 — —-0.06 — —-0.06 — ns
tsu Clock to Data Setup — PIO MachX0O2-1200HC-HE| -0.17 | — | -017| — |-017| — ns
Input Register MachX02-2000HC-HE| 020 | — |[-020| — |[-020| — ns
MachX02-4000HC-HE | —0.23 — -0.23 — -0.23 — ns
MachX02-7000HC-HE | —0.23 — -0.23 — -0.23 — ns
MachX02-256HC-HE 1.75 — 1.95 — 2.16 — ns
MachX02-640HC-HE | 1.75 — 1.95 — 2.16 — ns
; Clock to Data Hold — PI1O Input |MachX02-1200HC-HE | 1.88 — 212 — 2.36 — ns
H Register MachX02-2000HC-HE| 1.89 | — | 213 | — | 237 | — ns
MachX02-4000HC-HE | 1.94 — 2.18 — 2.43 — ns
MachX02-7000HC-HE | 1.98 — 2.23 — 2.49 — ns
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-6 -5 -4
Parameter Description Device Min. | Max. | Min. | Max Min. | Max. | Units
MachXO2-256HC-HE | 142 | — | 159 | — | 196 | — ns
MachXO2-640HC-HE | 141 | — [ 158 | — [ 196 | — ns
Clock to Data Setup — PIO MachX02-1200HC-HE| 163 | — | 179 | — [ 217 | — ns
tsu DEL Input Register with Data Input
- Delay MachXO2-2000HC-HE| 161 | — | 1.76 | — | 213 | — ns
MachXO2-4000HC-HE| 166 | — | 1.81 | — [ 219 | — ns
MachX02-7000HC-HE| 153 | — [ 167 | — | 203 | — ns
MachX02-256HC-HE | 024 | — [-024| — [-024| — ns
MachX02-640HC-HE | 023 | — [-023| — [-023| — ns
¢ Clock to Data Hold — PIO Input [MachX02-1200HC-HE| -0.24 | — |-024 | — |-024| — ns
H_DEL Register with Input Data Delay [MachXO2-2000HC-HE | -0.23 | — |-023| — |-023| — | ns
MachX02-4000HC-HE| -025 | — [-025| — [-025| — ns
MachX02-7000HC-HE| -0.21 | — [-021| — [-021| — ns
fuax 10 S:SSKR'Z;‘;?;”CV of /Oand | A Machx02 devices | — | 388 | — | 323 | — | 269 | MHz
General /0 Pin Parameters (Using Edge Clock without PLL)
MachX02-1200HC-HE] — [ 753 [ — [ 776 | — [ 810 | ns
t Clock to Output — PIO Output |MachXO2-2000HC-HE| — [ 753 | — [ 776 | — [ 810 | ns
COE Register MachXO2-4000HC-HE| — | 7.45 | — | 7.68 | — | 800 | ns
MachX02-7000HC-HE| — | 753 | — [ 776 | — | 810 | ns
MachX02-1200HC-HE| -0.19 | — [-0.19| — [-019| — ns
t Clock to Data Setup — PIO MachX02-2000HC-HE| -0.19 | — [-019| — [-019| — ns
SUE Input Register MachX02-4000HC-HE | -0.16 | — |-0.16| — |-0.16| — | ns
MachX02-7000HC-HE| -0.19 | — [-0.19| — [-019| — ns
MachXO2-1200HC-HE| 1.97 | — | 224 | — [ 252 | — ns
- Clock to Data Hold — PIO Input MachX02-2000HC-HE | 1.97 — 2.24 — 2.52 — ns
Register MachXO02-4000HC-HE| 189 | — | 216 | — | 243 | — ns
MachX02-7000HC-HE| 1.97 | — | 224 | — [ 252 | — ns
MachX02-1200HC-HE| 156 | — | 169 | — | 2.05 | — ns
Clock to Data Setup — PIO MachX02-2000HC-HE| 156 | — | 169 | — | 2.05 | — ns
tsu DELE Input Register with Data Input
- Delay MachXO2-4000HC-HE| 1.74 | — | 188 | — | 225 | — ns
MachX02-7000HC-HE| 166 | — | 1.81 | — | 217 | — ns
MachX02-1200HC-HE| -023 | — [-023| — [-023| — ns
¢ Clock to Data Hold — PIO Input [MachX02-2000HC-HE| -0.23 | — |-023 | — |-023| — ns
H_DELE Register with Input Data Delay [MachX02-4000HC-HE | —0.34 | — |-034| — |-034| — ns
MachX02-7000HC-HE| -029 | — [-029| — [-029| — ns
General I/0 Pin Parameters (Using Primary Clock with PLL)
MachX02-1200HC-HE] — [ 597 [ — [ 600 ] — [ 613 | ns
) Clock to Output — PIO Output |MachX02-2000HC-HE| — 5.98 — 6.01 — 6.14 ns
COPLL Register MachXO2-4000HC-HE| — | 599 | — | 6.02 | — | 6.16 | ns
MachX02-7000HC-HE| — | 602 | — | 606 | — | 620 | ns
MachX02-1200HC-HE| 036 | — | 036 | — | 0.65 | — ns
t Clock to Data Setup — PIO MachX02-2000HC-HE| 036 | — | 036 | — | 0.63 | — ns
SUPLL Input Register MachXO2-4000HC-HE| 035 | — | 035 | — | 062 | — ns
MachX02-7000HC-HE| 034 | — | 034 | — [ 059 | — ns
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Pinout Information
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MachX02-7000

144 TQFP | 256 caBGA | 256 ftBGA \ 332 caBGA \ 400 caBGA \ 484 fpBGA

General Purpose I/O per Bank

Bank 0 27 50 50 68 83 82
Bank 1 29 52 52 70 84 84
Bank 2 29 52 52 70 84 84
Bank 3 9 16 16 24 28 28
Bank 4 10 16 16 16 24 24
Bank 5 10 20 20 30 32 32
Total General Purpose Single Ended 1/0 114 206 206 278 335 334
Differential 1/0 per Bank

Bank 0 14 25 25 34 42 41
Bank 1 14 26 26 35 42 42
Bank 2 14 26 26 35 42 42
Bank 3 4 8 8 12 14 14
Bank 4 5 8 8 8 12 12
Bank 5 5 10 10 15 16 16
Total General Purpose Differential 1/0 56 103 103 139 168 167
Dual Function I/O 37 37 37 37 37 37
High-speed Differential /0

Bank 0 9 20 20 21 21 21
Gearboxes

X:;ﬂgglreo(fga.:]ko(r)fj Output Gearbox 9 20 20 1 1 1
X:;}Zg;’eo(fga.llfgfj Input Gearbox 14 20 20 1 21 21
DQS Groups

Bank 1 2 2 2 2 2 2
VCCIO Pins

Bank 0 3 4 4 4 5 10
Bank 1 3 4 4 4 5 10
Bank 2 3 4 4 4 5 10
Bank 3 1 1 1 2 2 3
Bank 4 1 2 2 1 2 4
Bank 5 1 1 1 2 2 3
VCC 4 8 8 8 10 12
GND 12 24 24 27 33 48
NC 1 1 1 1 0 49
Reserved for Configuration 1 1 1 1 1 1
Total Count of Bonded Pins 144 256 256 332 400 484
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Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO02-7000HC-4TG144C 6864 25V/33V -4 Halogen-Free TQFP 144 COM
LCMX02-7000HC-5TG144C 6864 25V/33V -5 Halogen-Free TQFP 144 COM
LCMX02-7000HC-6TG144C 6864 25V/33V ) Halogen-Free TQFP 144 COM
LCMXO02-7000HC-4BG256C 6864 25V/33V —4 Halogen-Free caBGA 256 COM
LCMX02-7000HC-5BG256C 6864 25V/33V -5 Halogen-Free caBGA 256 COM
LCMX02-7000HC-6BG256C 6864 25V/33V -6 Halogen-Free caBGA 256 COM
LCMXO2-7000HC-4FTG256C 6864 25V/33V -4 Halogen-Free ftBGA 256 COM
LCMXO2-7000HC-5FTG256C 6864 25V/33V -5 Halogen-Free ftBGA 256 COM
LCMX02-7000HC-6FTG256C 6864 25V/33V -6 Halogen-Free ftBGA 256 COM
LCMX02-7000HC-4BG332C 6864 25V/33V -4 Halogen-Free caBGA 332 COM
LCMX02-7000HC-5BG332C 6864 25V/33V -5 Halogen-Free caBGA 332 COM
LCMX02-7000HC-6BG332C 6864 25V/33V ) Halogen-Free caBGA 332 COM
LCMX02-7000HC-4FG400C 6864 25V/33V -4 Halogen-Free fpBGA 400 COM
LCMXO2-7000HC-5FG400C 6864 25V/33V -5 Halogen-Free fpBGA 400 COM
LCMX02-7000HC-6FG400C 6864 25V/33V ) Halogen-Free fpBGA 400 COM
LCMXO02-7000HC-4FG484C 6864 25V/33V -4 Halogen-Free fpBGA 484 COM
LCMXO2-7000HC-5FG484C 6864 25V/33V -5 Halogen-Free fpBGA 484 COM
LCMX02-7000HC-6FG484C 6864 25V/33V ) Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX0O2-1200HC-4TG100CR1’ 1280 25V/33V —4 Halogen-Free TQFP 100 COoM
LCMX02-1200HC-5TG100CR1’ 1280 25V/33V -5 Halogen-Free TQFP 100 COM
LCMX02-1200HC-6TG100CR1’ 1280 25V/33V -6 Halogen-Free TQFP 100 COM
LCMXO2-1200HC-4MG132CR1" | 1280 25V/33V —4 Halogen-Free csBGA 132 COM
LCMX02-1200HC-5MG132CR1'| 1280 25V/33V -5 Halogen-Free csBGA 132 CcOoM
LCMX02-1200HC-6MG132CR1' | 1280 25V/33V -6 Halogen-Free csBGA 132 COM
LCMXO2-1200HC-4TG144CR1’ 1280 25V/33V -4 Halogen-Free TQFP 144 COM
LCMX02-1200HC-5TG144CR1’ 1280 25V/33V -5 Halogen-Free TQFP 144 COM
LCMX02-1200HC-6TG144CR1’ 1280 25V/33V -6 Halogen-Free TQFP 144 COM

1. Specifications for the “LCMX02-1200HC-speed package CR1” are the same as the “LCMX02-1200HC-speed package C” devices respec-

tively, except as specified in the R1 Device Specifications section of this data sheet.

5-9




I 1] Ordering Information
= LATTICE MachX02 Family Data Sheet

High-Performance Commercial Grade Devices without Voltage Regulator, Halogen Free
(RoHS) Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-2000HE-4TG100C 2112 1.2V —4 Halogen-Free TQFP 100 COoM
LCMXO2-2000HE-5TG100C 2112 1.2V -5 Halogen-Free TQFP 100 COM
LCMX02-2000HE-6TG100C 2112 1.2V ) Halogen-Free TQFP 100 COM
LCMX02-2000HE-4TG144C 2112 1.2V —4 Halogen-Free TQFP 144 COM
LCMXO02-2000HE-5TG144C 2112 1.2V -5 Halogen-Free TQFP 144 COM
LCMX02-2000HE-6TG144C 2112 1.2V -6 Halogen-Free TQFP 144 COM
LCMX02-2000HE-4MG132C 2112 1.2V —4 Halogen-Free csBGA 132 COM
LCMXO02-2000HE-5MG132C 2112 1.2V -5 Halogen-Free csBGA 132 COM
LCMXO02-2000HE-6MG132C 2112 1.2V —6 Halogen-Free csBGA 132 COM
LCMX02-2000HE-4BG256C 2112 1.2V -4 Halogen-Free caBGA 256 COM
LCMX02-2000HE-5BG256C 2112 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO2-2000HE-6BG256C 2112 1.2V -6 Halogen-Free caBGA 256 COM
LCMX02-2000HE-4FTG256C 2112 1.2V -4 Halogen-Free fiBGA 256 COoM
LCMX02-2000HE-5FTG256C 2112 1.2V -5 Halogen-Free ftBGA 256 COM
LCMXO2-2000HE-6FTG256C 2112 1.2V —6 Halogen-Free fiBGA 256 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-2000UHE-4FG484C 2112 1.2V —4 Halogen-Free fpBGA 484 COM
LCMXO02-2000UHE-5FG484C 2112 1.2V -5 Halogen-Free fpBGA 484 COM
LCMX02-2000UHE-6FG484C 2112 1.2V ) Halogen-Free fpBGA 484 COM

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-4000HE-4TG144C 4320 1.2V —4 Halogen-Free TQFP 144 COM
LCMXO2-4000HE-5TG144C 4320 1.2V -5 Halogen-Free TQFP 144 COM
LCMXO2-4000HE-6TG144C 4320 1.2V —6 Halogen-Free TQFP 144 COM
LCMX02-4000HE-4MG132C 4320 1.2V —4 Halogen-Free csBGA 132 COoM
LCMXO2-4000HE-5MG132C 4320 1.2V -5 Halogen-Free csBGA 132 COM
LCMXO02-4000HE-6MG132C 4320 1.2V —6 Halogen-Free csBGA 132 COM
LCMX02-4000HE-4BG256C 4320 1.2V —4 Halogen-Free caBGA 256 COM
LCMXO2-4000HE-4MG184C 4320 1.2V —4 Halogen-Free csBGA 184 COoM
LCMXO02-4000HE-5MG184C 4320 1.2V -5 Halogen-Free csBGA 184 COM
LCMX02-4000HE-6MG184C 4320 1.2V -6 Halogen-Free csBGA 184 COM
LCMX0O2-4000HE-5BG256C 4320 1.2V -5 Halogen-Free caBGA 256 COM
LCMXO02-4000HE-6BG256C 4320 1.2V —6 Halogen-Free caBGA 256 COM
LCMX02-4000HE-4FTG256C 4320 1.2V —4 Halogen-Free fiBGA 256 COM
LCMX02-4000HE-5FTG256C 4320 1.2V -5 Halogen-Free fiBGA 256 COM
LCMXO2-4000HE-6FTG256C 4320 1.2V —6 Halogen-Free fiBGA 256 COM
LCMXO02-4000HE-4BG332C 4320 1.2V -4 Halogen-Free caBGA 332 COM
LCMX02-4000HE-5BG332C 4320 1.2V -5 Halogen-Free caBGA 332 COM
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High-Performance Industrial Grade Devices with Voltage Regulator, Halogen Free (RoHS)

Packaging

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-256HC-4SG32I 256 25V/33V —4 Halogen-Free QFN 32 IND
LCMX02-256HC-5SG32I 256 25V/33V -5 Halogen-Free QFN 32 IND
LCMX02-256HC-6SG32I 256 25V/33V -6 Halogen-Free QFN 32 IND
LCMX02-256HC-4SG48| 256 25V/33V -4 Halogen-Free QFN 48 IND
LCMX02-256HC-5SG48I 256 25V/33V -5 Halogen-Free QFN 48 IND
LCMX02-256HC-6SG48I 256 25V/33V -6 Halogen-Free QFN 48 IND
LCMX02-256HC-4UMG64I 256 25V/33V —4 Halogen-Free ucBGA 64 IND
LCMX0O2-256HC-5UMG64I 256 25V/33V -5 Halogen-Free ucBGA 64 IND
LCMX02-256HC-6UMG64| 256 25V/33V -6 Halogen-Free ucBGA 64 IND
LCMX02-256HC-4TG 100l 256 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX02-256HC-5TG100I 256 25V/33V -5 Halogen-Free TQFP 100 IND
LCMX02-256HC-6TG100I 256 25V/33V -6 Halogen-Free TQFP 100 IND
LCMX02-256HC-4MG132| 256 25V/33V —4 Halogen-Free csBGA 132 IND
LCMX02-256HC-5MG132I 256 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX02-256HC-6MG132I 256 25V/33V —6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMXO2-640HC-4SG48I 640 25V/33V -4 Halogen-Free QFN 48 IND
LCMXO2-640HC-5SG48I 640 25V/33V -5 Halogen-Free QFN 48 IND
LCMX02-640HC-6SG48I 640 25V/33V ) Halogen-Free QFN 48 IND
LCMXO2-640HC-4TG100I 640 25V/33V —4 Halogen-Free TQFP 100 IND
LCMX02-640HC-5TG100I 640 25V/33V -5 Halogen-Free TQFP 100 IND
LCMX02-640HC-6TG 100l 640 25V/33V ) Halogen-Free TQFP 100 IND
LCMX02-640HC-4MG132I 640 25V/33V -4 Halogen-Free csBGA 132 IND
LCMX02-640HC-5MG132I 640 25V/33V -5 Halogen-Free csBGA 132 IND
LCMX02-640HC-6MG 132l 640 25V/33V -6 Halogen-Free csBGA 132 IND

Part Number LUTs Supply Voltage Grade Package Leads Temp.
LCMX02-640UHC-4TG 1441 640 25V/33V -4 Halogen-Free TQFP 144 IND
LCMX02-640UHC-5TG 144l 640 25V/33V -5 Halogen-Free TQFP 144 IND
LCMXO2-640UHC-6TG144I 640 25V/33V —6 Halogen-Free TQFP 144 IND

5-16




= ATTICE MachXO2 Family Data Sheet
Supplemental Information

April 2012 Data Sheet DS1035

For Further Information

A variety of technical notes for the MachXOz2 family are available on the Lattice web site.

e TN1198, Power Estimation and Management for MachXO2 Devices

* TN1199, MachX0O2 sysCLOCK PLL Design and Usage Guide

* TN1201, Memory Usage Guide for MachXO2 Devices

* TN1202, MachXO2 syslO Usage Guide

* TN1203, Implementing High-Speed Interfaces with MachXO2 Devices

* TN1204, MachXO2 Programming and Configuration Usage Guide

* TN1205, Using User Flash Memory and Hardened Control Functions in MachXO2 Devices
* TN1206, MachXO2 SRAM CRC Error Detection Usage Guide

* TN1207, Using TracelD in MachXO2 Devices

* TN1074, PCB Layout Recommendations for BGA Packages

* TN1087, Minimizing System Interruption During Configuration Using TransFR Technology
* ANB8086, Designing for Migration from MachX02-1200-R1 to Standard (non-R1) Devices
* ANB8066, Boundary Scan Testability with Lattice syslO Capability

* MachXO2 Device Pinout Files
* Thermal Management document

¢ Lattice design tools

For further information on interface standards, refer to the following web sites:
» JEDEC Standards (LVTTL, LVCMOS, LVDS, DDR, DDR2, LPDDR): www.jedec.org

* PCIl: www.pcisig.com
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Date Version Section Change Summary
January 2013 02.0 Introduction Updated the total number IOs to include JTAGENB.
Architecture Supported Output Standards table — Added 3.3 V¢ o (Typ.) to LVDS
row.
Changed SRAM CRC Error Detection to Soft Error Detection.
DC and Switching Power Supply Ramp Rates table — Updated Units column for tgapp
Characteristics symbol.
Added new Maximum syslO Buffer Performance table.
sysCLOCK PLL Timing table — Updated Min. column values for fj,
fout fouTte and fppp parameters. Added tgpg parameter. Updated
footnote 6.
MachXO2 Oscillator Output Frequency table — Updated symbol name
for tsTagLEOSC.
DC Electrical Characteristics table — Updated conditions for I Iy
symbols.
Corrected parameters tDQVBS and tDQVAS
Corrected MachXO2 ZE parameters tDVADQ and tDVEDQ
Pinout Information  |Included the MachXO2-4000HE 184 csBGA package.
Ordering Information |Updated part number.
April 2012 01.9 Architecture Removed references to TN1200.
Ordering Information |Updated the Device Status portion of the MachXO2 Part Number
Description to include the 50 parts per reel for the WLCSP package.
Added new part number and footnote 2 for LCMX02-1200ZE-
1UWG25ITR50.
Updated footnote 1 for LCMXO02-1200ZE-1UWG25ITR.
Supplemental Removed references to TN1200.
Information
March 2012 01.8 Introduction Added 32 QFN packaging information to Features bullets and

MachXO2 Family Selection Guide table.

DC and Switching
Characteristics

Changed ‘STANDBY’ to ‘USERSTDBY’ in Standby Mode timing dia-
gram.

Pinout Information

Removed footnote from Pin Information Summary tables.

Added 32 QFN package to Pin Information Summary table.

Ordering Information

Updated Part Number Description and Ordering Information tables
for 32 QFN package.

Updated topside mark diagram in the Ordering Information section.
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